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Abstract

We herein report a case of bronchial bleeding after
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radical esophagectomy that was treated with lobectomy.
A 65-year-old male who underwent subtotal esopha-
gectomy with three-field lymph node dissection for
esophageal carcinoma was referred to our hospital because
of sudden hemoptysis. After the esophagectomy,
bilateral vocal cord paralysis was observed, and the
patient suffered from repeated episodes of aspiration
pneumonia. Bronchoscopy revealed hemosputum in
the right middle lobe bronchus, and contrast-enhanced
computed tomography showed tortuous arteries arising
from the right inferior phrenic artery and left subclavian
artery toward the right middle lobe bronchus. Although
bronchial arterial embolization was performed twice
to control the recurrent hemoptysis, the procedures
were unsuccessful. Right middle lobectomy was
therefore performed via video-assisted thoracic surgery.
Engorged bronchial arterys with medial hypertrophy
and overgrowth of the small branches were noted
near the bronchus in the resected specimen. The
patient recovered uneventfully and was discharged on
postoperative day 14.

Key words: Hemoptysis; Esophagectomy; Recurrent
laryngeal nerve injury; Ectopic/collateral bronchial
artery; Lobectomy; Aspiration pneumonia; Bronchial
arterial embolization
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Core tip: To the best of our knowledge, this is the
first report of bronchial bleeding suspected to arise
from ectopic/collateral bronchial arteries after radical
esophagectomy with three-field lymphadenectomy
for esophageal carcinoma. Such clinical course after
esophagectomy for esophageal carcinoma is quite
meaningful, especially in cases of postoperative recurrent
aspiration pneumonia due to bilateral recurrent laryngeal
nerve injury.
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INTRODUCTION

Hemoptysis is an alarming symptom and a potentially
life-threatening complication that can occur in a variety
of infectious, inflammatory, and cancerous diseases
of the chest. In general, there are several causes of
hemoptysis, including bronchogenic carcinoma, chronic
inflammatory lung disease due to bronchiectasis and
various infections, although the majority of cases are
due to tuberculosis™?.

According to previous reports, surgeons should
consider the potential for locoregional recurrence and
aorto-bronchial fistula®* or gastro-tracheobronchial
fistula formation™® in cases of hemoptysis after
esophagectomy for esophageal carcinoma. To the
best of our knowledge, this is the first report of
bronchial bleeding suspected to have arisen from
ectopic/collateral bronchial arteries after radical
esophagectomy with three-field lymphadenectomy
for esophageal carcinoma. This clinical course after
esophagectomy for esophageal carcinoma is quite
meaningful, especially in cases of postoperative
recurrent aspiration pneumonia due to bilateral
recurrent laryngeal nerve injury.

CASE REPORT

A 65-year-old Japanese male who underwent
esophagectomy was admitted to our hospital with
sudden hemoptysis. He had smoked 20 cigarettes
a day since his twenties and consumed alcohol only
on social occasions without regular habitual drinking.
On preoperative examination, upper gastrointestinal
endoscopy demonstrated a pedunculated lesion
located on the posterior wall of the upper thoracic
esophagus 21-23 cm distal from the incisors. A
biopsy from the pedunculated lesion revealed a well-
differentiated tubular adenocarcinoma. The patient
had undergone radical esophagectomy with three-field
lymphadenectomy 19 mo before the current admission.
Surgical reconstruction was performed via the posterior
mediastinal route using a gastric conduit, followed by
esophagogastrostomy and tracheostomy placement,
as bilateral recurrent laryngeal nerve injury was
noted. The right bronchial artery (BA), which is usually
identified and preserved, was suspected to be absent
because it was not identified despite a meticulous
investigation. Histopathologically, the pedunculated
tumor consisted of mixed adenoendocrine carcinoma.
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None of the 79 widely dissected lymph nodes exhibited
metastasis, and no lymphatic invasion was detected.
The patient was diagnosed with stage I A (pT1bNOMO)
disease according to the 7" edition of the UICC/AICC
TNM classification. Postoperatively, bilateral vocal
cord paralysis was observed, and the patient suffered
from repeated episodes of aspiration pneumonia for
six months after the surgery (Figure 1A, B). Because
the main cause of the patient’s repeated aspiration
was postprandial reflux of gastric contents, resection
of the pyloric ring and diversion of the gastric conduit
in @ Roux-en Y fashion was performed to prevent
further aspiration of the regurgitant. Thus, it took
approximately eight months for the patient to safely
resume oral intake. He was discharged from our
hospital nine months after surgery. Although the
bilateral vocal cord paralysis did not improve, he
was able to maintain proper dietary habits through
dysphagia rehabilitation and adopting a soft diet.
Although no further episodes of aspiration pneumonia
or evidence of tumor recurrence were noted during
follow-up, consolidation in the right middle lobe, which
was observed at discharge, persisted by computed
tomography (CT) that was performed immediately
before this episode (Figure 1C). A total of 19 mo
after esophagectomy, the patient began to cough
up small amounts of blood and was admitted to a
regional hospital. Upper gastrointestinal endoscopy
did not reveal any bleeding from the gastric conduit.
Meanwhile, bronchoscopy revealed hemosputum
in the entrance of the right middle lobe bronchus;
bleeding from the peripheral bronchus was suspected
to be the primary cause of this complication. Although
the patient exhibited a stable clinical course under
conservative therapy, sudden hemoptysis was noted
one week after onset, and he was transferred to our
hospital. Laboratory tests performed at the time of
admission indicated anemia and inflammation. The
hemoglobin level was 8.8 g/dL, and the C-reactive
protein level was elevated at 16.1 mg/dL. However,
the levels of serum Aspergillus antigens, p-D glucan,
and tumor markers, such as carcinoembryonic antigen,
squamous cell carcinoma antigen, and carbohydrate
antigen 19-9 were all within normal limits. The patient
demonstrated a negative blood culture, although
Klebsiella pneumoniae and Pseudomonas aeruginosa
were detected in a sputum culture. Additionally, he
was negative for tuberculosis. While bronchoscopy
revealed no active hemorrhaging from the respiratory
tract, a small level of hemosputum was observed
in the entrance of the right middle lobe bronchus
(Figure 2A). CT and chest radiography revealed a
massive infiltrative shadow in the right middle lobe
with atelectasis in the right lower lobe (Figure 2B,
C). In addition, bronchoscopy and CT revealed no
protruding lesions, suggesting bronchial invasion of
the tumor and/or gastro-tracheobronchial/aorto-
bronchial fistula formation in the bronchus. With
respect to the vessel anatomy, contrast-enhanced
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Figure 1 Unenhanced computed tomography after esophagectomy. A: Computed tomography (CT) revealed consolidation in the right middle lobe; B: CT
simultaneously demonstrated consolidation in the right lower lobe (A and B); C: Although there was no evidence of newly developed pneumonia, consolidation

remained in the right middle lobe 14 mo after esophagectomy (arrow).

Figure 2 Imaging findings before bronchial arterial embolization. A: Bronchoscopy revealed hemosputum in the entrance of the right middle lobe bronchus (yellow
arrow) extending down to the lower lobe bronchus (green arrow); B, C: Computed tomography and chest radiography revealed a massive infiltrative shadow in the

right middle lobe with atelectasis in the right lower lobe.

CT showed a tortuous artery ascending from the
right inferior phrenic artery directly arising from the
aorta near the celiac trunk toward the right middle
bronchus (Figure 3A); in addition, we observed several
tortuous arteries with hypervascularity arising from
the left subclavian artery, which descended obliquely
along the right main bronchus (Figure 3B). Although
we considered these engorged and tortuous vessels
to be ectopic/collateral BAs that caused the patient’s
hemoptysis, identifying the responsible vessel was
difficult because of his hemostasis. Considering the
difficulty in performing embolization of the ectopic
BAs arising from the left subclavian artery, we first
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attempted to embolize the right collateral BA arising
from the inferior phrenic artery. On the next day from
admission, a bronchial arterial embolization (BAE)
procedure was performed. No aorto-bronchial fistulas
were detected on aortography. The right collateral
BA was successfully embolized with gelatin sponge
particles (Figure 3C). However, the day after the BAE
procedure, the level of recurrent hemoptysis was
estimated to be approximately 200-300 mL, and
bronchoscopy revealed bleeding from the same site as
that observed at disease onset. On the third day after
admission, a second BAE procedure was emergently
performed. Although selective embolization of the
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Figure 3 Computed tomography arteriography. A: Computed tomography (CT) arteriography revealed a tortuous artery ascending from the right inferior phrenic
artery that arose directly from the aorta (arrows); B: CT arteriography demonstrated several tortuous arteries arising from the left subclavian artery that descended
obliquely along the right main bronchus (arrows); C: A collateral right bronchial artery (BA) arising from the inferior phrenic artery. Right inferior phrenic arteriography
showed an abnormal tortuous artery (arrows); D: Ectopic BAs arising from the left subclavian artery. Left subclavian arteriography showed abnormal tortuous arteries
arising from a root of the left subclavian artery (arrows).

v g
(v4,"Vastump)

Figure 4 Intraoperative findings. A: The presence of a collateral bronchial artery (BA) arising from the right inferior phrenic artery running along the phrenic nerve
(green arrowheads) was confirmed; the tissue was black in color due to the first bronchial arterial embolization procedure (yellow arrowheads). B: Engorged right BAs
streaming into the right middle lobe were dissected at the level of bifurcation of the middle lobe bronchus (arrows). UL: Upper lobe; ML: Middle lobe; LL: Lower lobe;

Br: Middle lobe bronchus; PA: Pulmonary artery; PV: Pulmonary vein.

ectopic BAs arising from the left subclavian artery
was also performed (Figure 3D), CT conducted after
the second BAE procedure revealed that the arterial
blood supply to the right middle lobe bronchus was
decreased but not completely blocked. Because we
posited that performing additional embolization of the
ectopic vessels would be difficult due to the tortuosity
and fragility of the vessels, we planned to perform
surgical resection after the patient’s hemodynamic
parameters stabilized. On the ninth day after admission,
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right middle lobectomy was performed via video-
assisted thoracic surgery (VATS). With respect to the
intraoperative findings, the presence of a BA arising
from the right inferior phrenic artery was confirmed;
the vessel was black in color as a result of the first
BAE procedure (Figure 4A). Although a few engorged
right BAs streaming into the right middle lobe were
dissected at the level of bifurcation of the middle lobe
bronchus (Figure 4B), it was difficult to detect the root
of the dissected arteries. In addition, whitish pleural
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Figure 5 Gross and histopathological findings of the resected specimen. A: An ill-demarcated whitish area with a brownish tint was noted on the cut surface of
the resected lung (arrows). Macroscopically, the bleeding origin was not detected; B: Organizing pneumonia with the accumulation of hemosiderin-laden macrophages
was observed [Elastica van Gieson stain (EVG), magnification x 24]; C: The bronchus was enlarged, and engorged bronchial artery with medial hypertrophy and
overgrowth of small branches were identified near the bronchus (arrows) (EVG, magnification x 24). Br: Bronchus; PA: Pulmonary artery.

thickening of the right middle and lower lobes was
significant. Grossly, an ill-demarcated whitish area
with a brownish tint was observed on the cut surface
of the resected lung (Figure 5A). Histopathologically,
organizing pneumonia with the accumulation of
hemosiderin-laden macrophages was detected (Figure
5B). The bronchus was enlarged, and engorged BAs
with medial hypertrophy and overgrowth of small
branches were also noted near the bronchus, although
the bleeding origin was not identified (Figure 5C). The
patient recovered uneventfully, with the absence of
recurrent hemoptysis, and was discharged from our
hospital on postoperative day 14. At the time of this
writing, he has been doing well for four months, with
no evidence of recurrence or hemoptysis.

DISCUSSION

With respect to the major clinical conditions and/or
complications inducing hemoptysis after esophagectomy
for esophageal carcinoma, surgeons should consider
the possibility of locoregional recurrence and aorto-
bronchial®* or gastro-tracheobronchial®™® fistula
formation. We performed a search of PubMed using the
following key words: “hemoptysis/bronchial bleeding/
respiratory tract hemorrhage after esophagectomy”.
Fistula formation after esophagectomy is an uncommon
and invariably life-threatening complication if left
untreated. Only a few cases of aorto-bronchial fistulas
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after esophagectomy have been reported worldwide in
the published literature to date; among the two cases
identified in PubMed, gastric tube reconstruction was
performed via the retrosternal or posterior mediastinal
route, and both fistulas were detected between the left
main bronchus and descending aorta™*. In contrast,
several cases of gastro-tracheobronchial fistulas after
esophagectomy have been reported, and tumor
recurrence, erosion injury, and radiation necrosis are
considered common causes of the late development
of these fistulas™®!. In the present case, these three
conditions were excluded because no protruding/
occupied lesions or either fistula type were observed
on CT, BAE, or bronchoscopy. In addition, the stage of
disease (IA, pT1bNOMO), the presence of bleeding from
the peripheral bronchus suspicious on bronchoscopy,
and the lack of ulceration necrosis or erosion in the
gastric conduit on follow-up gastrointestinal endoscopy
supported the exclusion of these clinical conditions.
Based on the intraoperative and pathological
findings observed in this case, we judged that the
causative vessels of the patient’s hemoptysis were
the tortuous and engorged arteries arising from the
left subclavian artery along the right main bronchus.
Retrospectively, orthotopic bilateral BAs originating
from the descending aorta at the level of the sixth
thoracic vertebra (T6) were detected on contrast-
enhanced CT prior to esophagectomy, whereas the
ectopic/collateral arteries arising from the right phrenic
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artery and left subclavian artery were not. However,
it was difficult to precisely evaluate the presence of
the ectopic/collateral arteries preoperatively because
multiphase contrast-enhanced CT is not routinely
performed. According to previous studies, ectopic BAs
are defined as arteries originating outside the level
of T5-T6 of the thoracic aorta™”®. Ectopic BAs, which
extend along the course of the major bronchus, can
be distinguished from collateral arteries arising from
the non-bronchial systemic arteries that enter the lung
parenchyma via the pulmonary ligament or adherent
pleura and exhibit a course that is not parallel to the
bronchus™”). Additionally, some studies have reported
that chronic inflammation of the lungs is associated
with engorgement of the BAs™'% in which the collateral
blood supply from non-bronchial systemic arteries is
vascularized and recruited under conditions of chronic
inflammation and may arise from branches of the
subclavian, axillary, or internal mammary arteries,
as well as infradiaphragmatic branches from the
inferior phrenic and left gastric arteries!™'", In the
present case, it was more appropriate to consider the
engorged BAs arising from the left subclavian artery to
be inherent, having developed after esophagectomy
rather than being completely vascularized, due to the
dissection of the orthotopic right BAs during radical
lymphadenectomy and the effects of postoperative
recurrent aspiration pneumonia. These BAs may have
been classified as ectopic BAs because they extended
along the course of the right main bronchus!*”!.
Alternatively, the tortuous right BA arising from the
right inferior phrenic artery may have been classified
as a collateral artery arising from non-bronchial
systemic arteries because CT detected this artery
extending along the pleural surface™”. The frequency
of ectopic BAs arising from the subclavian and inferior
phrenic arteries is reported to be 10%-13% of all
ectopic BAs detected on CT angiograms!*>*.,

The mechanism underlying the persistent pneumonia
in the right middle lobe observed in this case is thought
to be similar to that underlying middle lobe syndrome.
This syndrome is characterized by the recurrent or
chronic collapse of the right middle lobe and can
be classified into obstructive and non-obstructive
typest***®, Although the etiology of the non-obstructive
type has not been fully elucidated, inefficient collateral
ventilation, infection, and inflammation are considered
to play key roles. Pathophysiologically, the long length
and narrow diameter of the middle lobe bronchus can
result in poor conditions for drainage'”’. Additionally,
collateral ventilation is often prevented by the
presence of deep fissures of the middle lobe with few
parenchymal connections™. In the present case, these
anatomical characteristics may also have contributed
to the persistence of pneumonia of the right middle
lobe, whereas consolidation of the right lower lobe was
resolved (Figure 1C).

Furthermore, this case could be diagnosed as
secondary racemose hemangioma of BA as these cases
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have been reported in Japan. Such cases are diagnosed
by the existence of remarkably tortuous, enhancing,
and meandering BAs!'®). Hyperplastic changes that
develop after inflammation, such as bronchiectasis,
bronchitis, and pneumonia, are classified as secondary
racemose hemangioma®™®. However, in this case,
the definitive diagnosis was difficult to obtain due to
the lack of clarity of the diagnostic criteria. Although
this case could be clinically classified as secondary
racemose hemangioma of BA, the hemangioma was
also considered to have developed from postoperative
recurrent pneumonia, as previously discussed.

BAE has recently become a well-established,
effective treatment for controlling recurrent or massive
hemoptysis in patients with various pulmonary
diseases®!!. Hayakawa et a/®® reported a high rate
of hemoptysis control and high cumulative survival
rate among patients with hemoptysis treated with
BAE. However, Chun et al reported that recurrent
hemoptysis is not uncommon, occurring in 10%-55.3%
of cases, although immediate control of hemoptysis
is achieved in 73%-99% of treated patients. In
addition, several authors have demonstrated that
achieving embolization of ectopic BAs is more difficult
than that of non-ectopic BAs, and that the complexity
of performing selective and definite catheterization
explains the increased risk of major complications
observed in this patient population”?’. In the current
case, BAE failed to control the patient’s hemoptysis due
to incomplete embolization of several ectopic BAs, and
surgical resection was eventually required. Although
pulmonary resection for hemoptysis is known to carry
an increased risk of death and morbidity due to pre-
existing comorbidities and a poor respiratory reserve,
particularly in the acute phase!****, we propose
the use of early lobectomy soon after the patient’
s hemodynamic parameters stabilize following failed
BAE as a treatment option, even in cases of recurrent
hemoptysis after esophagectomy. Furthermore, the
use of lobectomy via VATS contributes to a shortened
postoperative hospital stay due to the reduced
invasiveness of the procedure in patients with poor
respiratory function.

We recognize that our discussion includes various
limitations. First, there was no evidence suggesting
the precise mechanism of the ectopic/collateral BA
development in this case. Second, we did not prove,
in the resected specimen, that the hemoptysis was
induced by rupture of one of the ectopic/collateral BAs,
although we surmise that the ectopic BAs originating
from the left subclavian artery were responsible
based on the patient’s clinical course. However,
we consider the patient’s bronchial bleeding and
postoperative recurrent pneumonia to be associated
because engorged BAs with medial hypertrophy and
overgrowth of small branches were easily identified
by histology as being localized near the bronchus
and because postoperative recurrent pneumonia was
persistently detected in the middle lobe.
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In conclusion, to the best of our knowledge, this is
the first case report of bronchial bleeding suspected
to have derived from the ectopic/collateral bronchial
arteries after radical esophagectomy with three-
field lymphadenectomy for esophageal carcinoma.
We propose the use of early lobectomy soon after
the patient’s hemodynamic parameters stabilize
following failed BAE as a treatment option, even in
cases of recurrent hemoptysis after esophagectomy.
We strongly believe that the present patient’s clinical
course after esophagectomy for esophageal carcinoma
is significant, particularly with respect to postoperative
recurrent pneumonia due to bilateral recurrent
laryngeal nerve injury.

COMMENTS

Case characteristics

The patient presented with sudden and recurrent hemoptysis 19 mo after
esophagectomy.

Clinical diagnosis

The authors reported a rare case of bronchial bleeding suspected to have
arisen from the ectopic/collateral bronchial arteries after radical esophagectomy
for esophageal carcinoma with bilateral recurrent laryngeal nerve injury.
Differential diagnosis

Locoregional recurrence and aorto-bronchial or gastro-tracheobronchial fistula
formation should be considered as potential causes of bronchial bleeding after
esophagectomy for esophageal carcinoma.

Laboratory diagnosis

The hemoglobin level was 8.8 g/dL, and the C-reactive protein level was
elevated to 16.1 mg/dL, whereas tumor markers, such as carcinoembryonic
antigen, squamous cell carcinoma antigen, and carbohydrate antigen 19-9,
were all within normal limits.

Imaging diagnosis

Bronchoscopy revealed a small level of hemosputum in the entrance of the right
middle lobe bronchus, and contrast-enhanced computed tomography showed a
tortuous artery ascending from the right inferior phrenic artery as well as several
tortuous arteries arising from the left subclavian artery, which descended along
the right main bronchus.

Pathological diagnosis

Organizing pneumonia with the accumulation of hemosiderin-laden
macrophages was detected, and engorged bronchial artery (BA) with medial
hypertrophy and overgrowth of small branches were noted near the bronchus.

Treatment
Right middle lobectomy was performed via video-assisted thoracic surgery.

Related reports

Chun et al demonstrated that chronic inflammation causes recruitment of a
collateral blood supply from nonbronchial arteries. However, there are no other
reports of bronchial bleeding suspected to arise from the ectopic/collateral
bronchial arteries after esophagectomy with bilateral recurrent laryngeal nerve
injury.

Term explanation

Middle lobe syndrome is characterized by chronic collapse of the middle lobe,
which is more common in females; chronic productive cough and recurrent
infections were the most common symptoms.

Experiences and lessons

When encountering a patient with hemoptysis after esophagectomy, the
possibility of bronchial bleeding from ectopic/collateral BAs must be considered,
especially in cases of postoperative recurrent pneumonia due to bilateral
recurrent laryngeal nerve injury.

Peer-review

This case report described the significant clinical course after esophagectomy
for esophageal carcinoma. However, a limitation of the report is that there
was no evidence indicating the precise mechanism for ectopic/collateral BA
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developments.
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